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* combustors or hazard control systems without close reference to

1.2

1.21

L22

empirical data and previous experience. They are, however,
becoming very useful tovols in the design process. It is a prime
geal of combustion research to advance the capabilities of such
mathematical descriptions of combustion systems.

SOME PRACTICAL COMBUSTION SYSTEMS

Simple Cas Burners

Many domestic and some industrial gas burners use "port" stabilized i
flames, being a modification of the traditional bunsen burner. The fuel
induces its own air supply by B
ejector action and the reactants B
are premixed by the time they '
reach the burner ports. Combustion
problems of interest include:

{a) flame speed

(b) flame stabilization {blow-
off and flash-back}

(¢) flame radiation
(d) noise

pellutant emissions,
particularly HO,. }

—
[1]
—

Swirl Burners . L

Many 0il and gas [{ired furnace burners use swirl stabilized flames L
where the [lame is stabilized in the recirculation zone at the centre of
the vortex formed by the swirling air which is supplied by a forced dralt
fan. Combustion problems of interest include:

(a) flame stabilization O alomezar or ffssp“d
{b) droplet cvaporation and burning /an.,

e O Flame

flame length

Slume radiartion

)
)
) fuel air mixing
)
)
)

collutant emissions,
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carticularly de and smoke p,‘"‘,ka.gn Ton®
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1.23 Spark Ignition Engine

1.24

.25

In this system a highly turbulent flame progresses through the fuel-air
mixture, Further compression of the end gas occurs with tendency to pre-
ignition and "knock". Combustion problems
include:

(a) temporal and spatial uniformity of
fuel-air mixture

{b) uniformity of ignition
(c) turbulent flame speed
(d) knock

{e) heat transler

() pollutant emissions - particularly
co, 1iIc, NOX, particulates.

Diesel Engine

In this engine Tuel is sprayed into the high temperature air and auto-
ignites. Combustion problems include:

(a) evaporation and autoignition of

- Fuel ' ru«.\vor‘
initial fuel '
{b} spray combustion and air mixing

(e} complete combustion of all
available oxygen

{d} pollutant emissions, particularly
smoke and NOX.

fas Turbine

Fuel is sprayed and burnt in about one guarter of the air [low. The
remainder is used for dilution of products to final desired turbine inlet
temperature. Combustion problems
include:

{a) achievement of high combustion
intensity

{b} stabilization over wide range
af pressure

{c) spray combustion’

(d) achievement of high turbulence
with low pressure drop

(e) pollutant emissions, particularly
smoke, MO, and a* idle CO and HC.

1.26

1.27
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Industrial Furnace

The sketch shows a ty; :al industrial furnace. g long luminons

diffusion flame is used to provide proper heating of the i
5 1t.
problems include: # melt combustion

(a} Soot formatien to provide
luminosity

(b) air-fuel mixing

(c) heat transfer, conveciive
and radiative

(d) socot burn-out

(e) pollutant emissions especially
particuiates, CO.

Pulverized Coal Furnace

The sketch shows a corner {ired P.F. furnace. Pulverized coal is
carried into the furnace with a stream of primary air. Secondary air is
admitted above and below the coal injection ports. Volatile components
in the fuel pyrolyse cut close to the ports and flame initiates there,
The sc¢lid carbon in the fuel burns out in the main volume of the furnace
radiating heat to the "water walls",

. P
Combustion problems include: eer zed

coal alug
(a) flame stabilization i

{b) carbon particle burn out

(e} heat transfer e .

[T AT ]

{d) pollutant emissions, particularly
ash, soot, MO,, IO,

(e) surface fouling

Fire Control Systems

A fire in a confined space
produces a plume of flame, smoke
and hot gases which spreads
along the ceiling. Radiation
from the flame pyrolyses the
fuel at the base of the fire
and ran cause ignition of
other objects. Development of
the fire is ultimately controlled
by the orifice characteristics of
the window or other openings.
Combustion problems fnclude:

(a) rate of fire growth
{(b) fire breakthrough to adjoining rooms
{c) location of smoke detectors

(d) design of sprinkler systems.
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3.0 Droplet Experiments

* Objectives:

(a) Discuss advantages and disadvantages
of various types of droplet experiments. #

{(b) Iudicious 1o match droplet phenomena
with droplet experiment for simplicity
and controllability.

i

i

3.)_Suspended Droplet
Adv . Disad
* Simple & Buoyancy *
* Stationary * Fiber Interference *
* Ease of Imaging large size

shape distortion
heat-transfer
Limited to relatively
non-volative fuels
No sampling *

* Can be improved/minimized

.2 Porou her
Advantages Disadvantages
* Steady ® Buoyancy
= Ease of intrusive * Supply tube interference
probing of gas-phase * No liquid-phase
siructure information

» A good simulator of e Steady
sieady-state diffusion e Basically not a droplet
flame burning experiment




' 4.0 Suggestion x

s« Objectives:

Generators . U?_c Imwmc as suspension fiber (2) To provide data of high degree of ?n
. Viheor , ) or dropler, fidelity for model simulation. |
. g;ag':;e':'g'l‘(e)&i?:ue Advanigees Disadvaniages (2) One thermocouple:  formodel simulation P
® Piezoceramic Generator ¢ Monodisperse e Finite external center temperature. (b) To isolate and thereby identify effects”
® Acrodynamic Generator . g{"""'l’;::"“(“‘.l’hng possible l;:onvection (b) mﬂ‘h;'é“;?:ﬁ:ﬁ . of individual processes. i

plezoceramic ® Finite ch i femperatures .
sgclrl:ralor) Ienlgfhc amber for spherically-symmemic situations. * Spherically-symmetric droplet combusti |
* omall size (100 - 300 *F, i ; y- ion
¢ Controllable spacing.um) I?::?ts'fg?{;:;oiz:lsm ® Exciplex thermomeny offers a simple and clean flow c_:onf_igumuo“
initial composition, smaller :hnnF.,SO um for model development and validation,

combustion environment including diffusion flame kinetics.

* Low/high Re

"
-l Standard Droglet tion Experiment
Objective: Provide data of spherically- o _
symmetric, single-component dropict 4.2 Droplet Extinction Experiment - |
combustion without droplet heating,
34_Levitared Droplet i ; for model validation. ) ) _
et Bromle ~2—Techniques for 1 Xan ® Objective: To provide a more stringent
Special Considerations: test of the oxidation kinetics, especially
(a) Spherical symmetry (no buoyancy). the extinction kinetics. '
Advantyges Disadvantages Need:Most nan-convective droplet models (b) Low boiling-point fuels (minimum ) ) . :
. . assume spherical symmetry, which droplet healing): C,-C, alkanes, e Special Considerations: B
)é:;:;:gg for optical * Covlrolllability of can be totally destrayed by bucyancy. C.-C. alcohols ¢ (a) Same as standard droplet combustion  *
N ple envi enitial state (7) Techniques: td - experiment.
';,"dugglr‘;'fizlf:"""“m‘"‘ . C.°“'f"?"“b;"‘y of (a)mgl;fiszicc size. () Initi all rs:tg. anytime ;:f’tcr :;ct short (b) Fuel selected should have reasonably
'mail dropl " ignition (?) {b)} Reduce pressure inifia’ hieating transicng; need to well established kinetics.
plets ¢ No sampling ) {¢) Drop tower: . specify r,, and r_; T {r) and Y, (r)can .
Suspended droplet. be calculated (or measured). e Candidate Experiments: )
Droplet generator. - Same as standard droplet combustion
(d) Space station, Measured Quantities: experiment.

(a) Bulk droplet size, flame size and
thickness as functions of time.

(b) Spatially-resolved temperature and
concentration profiles.

“andidale Experiments:
(a) Zero-G.
(b) Suspended droplet under low pressure.




4.3 Droglet Extinction Eaperiment - 11

)bjective: To determine the minimum

dropiet size to support droplet combustion
in realistic combustor enviroment.

pecial Considerations:

{a) Small droplet size.

{b) Hot environment of controllable
temperature and oxidizer concentration.

(c) Stagnant and convective extinction.

‘andidate Experiment: )
Freely-falling droplet in combustion
environment.

44 it X

e Objective: To provide a stringent test of the
ignition kinetics; To detecimine minimum
droplet size for ignition in realistic
combustor environment.

s Special Considerations:

(a) Initial condition crucial, especially
regasding fuel vapor accumulation;
may use a frozen droplet.

(b) Thermal ignition.

(c) Minimum droplet heating.

(d) Small droplet size.

(e) Stagnant and convective ignition.

e Candidate Experiments:
(a) Freely-falling droplets.
(b) Levitated droplet (7).

4.5 Droplet Heating Experiment

Jbjective: To provide information on the
development of the droplet temperature
profile for model comparison.

3pecial Considerations:

(a) Initial droplet temperature profile
important, may cither use frozen
droplet or experimentally map out.

(b} May not nced combustion.

‘ndependent Parameters:
{a} Fuel volatility.
{b) Ambient temperature.
{c) May use pressure to increase the
extent of heating.

Candidate Experiments:
(2) Suspended droplet at reduced pressure,
(b) Freely-falling droplet.
(c) Levitated droplet.
(d) Zero-G.

4.6 Multicomponent Droplet Experiment

o Time- and Spatially-resolved concentration
profile within droplet would be nice, but
probably difficult.

+ Time-resolved, spatially-averaged
concentration history obtained through
existing sampling technique for
freely-falling droplets can be quite useful.

e Modelling needs:
(a) Reliable liquid-phase diffusivity.
(b) Description of nonideal mixture,
(¢) Development of a parameter relating

volatility differential, liquid diffusivity,

and gasification rate (o indicate the
gasification mode.
(d} Description of fuel blend.

.7-"’

4.7 Dropilet Drag Experiment

e Objectives:
(a) To assess effects of surface mass NMux
- on the droplet drag.
(b) To develop drag coefficient.

e Special Considerations:

(a) 1 <Re< 100
Gi<B<glO.

{b) Well-defined initial conditions.

(c) Minimum droplet heating.

(d) No combustion, pure vapotization in
hot nitrogen environment.

(e} Report both reduced and raw data.
For example:

Reduced Raw
C, (du/dey(d ju?)
Re ud,
B d(d] )yt

e Candidate Experiments:
(a) Freely-falling droplet.
{b) Levitated droplet.

=S
oy
1]

s Objective: Determine criterion overning ‘
droplet coalescence. &

. SFc)ci?} Considerations:
a) Vaporization may not be important.
(b) May need to work in a po *
thermodynamically-equilibrated fuel

vapor environment for proper surface’
tension. -
(c) Small droplets (<10pum ] ]

4.9 Turbulent Dispersion Experiment

s Objective: Determine influence of wrbulence
on droplet dispersion.

» Special Considerations:
{a) Use well-characterized turbulent flow,
possibly even cold flow.
(b) Use very volatile droplet to achieve
vaporization effect.
{c) Vary droplet size and turbulence scales
and intensities.

3.0 Current Experimental Research Activities

N

. Zcro-Q
Avedisian; high p (DOE)
Borman; high p (NASA)
Gg_kalp (France/Germany)
NI_IO!(:I/MiI‘ani: high p (Japan)
Williams/Dryer (NASA)

* Propellant Droplets
Dryer/Williams; boron slu AFOSR
Faeth/Tums; boron and car'z)r(l slurry )
La bo (AlFAPL)
W, carbon slwiry, organic azides (ONR
gun LP (ARQ) [ ¥

e Droplet Dynamics
Libby/Williams/Seshadri: droplets in
stagnation flame (DOE)
Law; droplet collision (NSF)
Kennedy; turbu lent dispersion.
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ABSTRACYT

The genccrel pbjectives of reduced gravity cumhust%oh
research concuern the following two issues. First, combustion
research in reduced gravity may help to understand and analyze
earth-based combustion phenomena by eliminating several complex
couplings between buoyant and inertial or wviscous forces. In this
perspective we may gain insight on, for example, the problem of
counter-gradivnt diffusion in turbulent premixed flames, or more
generally, on the role of buoyancy in the balance of t.h"'
turbulent kinvtic energy in turbulent flames. Reduced gravity
combustion resvarch may also enlighten the rele of buoyancy in
the stability of laminar flames.

The second importent issue is related to S]‘lﬂce-ba‘_;l"d
combustion phenomena. For exsmple, flame spread along solid
surfaces, which has fimportant consequences on the safer:y
considerations in a spacecraft, is a typical research area within
this perspective.

The reduced gravity combustion activities supported by the
Eurcpean Space Agency since 1984 are also following these two
objectives. In January 1984, ESA issued a call for experiment
proposals to investigate combustion phenomena under microgravity
conditions. Following the positive response to this call for
proposals, a European Combustion Expert Group was formed and a
number of KC-135 parabolic flight experiments bave been carried
out .

A 1 :ltiv-er cumbustion chamber (MUCC) has been cunstructed
st the Laboratcire d'Aérothermique of CHRS at Meudon, Francve
(Des. Prud'homme and Durex). Two experimente on non-reacting
turbulent var able dencity jet flows have been carvied cut by
using this fa.ility., & team from the University ot bochum, FRG
(Profs. Leipertz and Kremer) investigated by an infrared camera
the structure of YHeotoed! He-COZ transitional exisyrooetric jets.
Another group fraw ingrrial College, London, UK (in Lockwo?d}
investipgated the temperature fluctuations in the same jet with
fine thermocouples. Buth investigations showed the importance of
buoyancy on the development and structure of these variable
density and mrderate Reynolds number jets.

vl

TR Y vl rte influence ot g

on the t 1 oune surtface arez: oand on the fluctuation freque:- vy
ob the !

- ' . ei fioie spresd sver uos
suwrfoovo st wenduite. by two groups. The group |
Eretirc: , T hrt. Brysant wnd Judd) alsc u
[ SN ] Totmoey,r: wonts with several materials. 1:

v A A N T N L Y Y
teropiopspitlol, the tlume Lemperature and the sirgap across

which bu:ning can propagate. The influence of the absence of
gravity on the flame spreading velocities over PMMA samples has
been investigated by the group from the Propulsion Labozatery at
the University of Madrid, Spain (Profs. Sanchez-Tarifa and Linean)
in specislly designed combustion chambers. They showed that flame
spreading velocities are lower at reduced gravity conditiens.
They alsc investigated the influence of gravity with different
chamber pressure and oxygen concentration conditions.

bProplet burning experiments have been carried out by the
group from CNRS at Orléans, France (Drs. Gokalp and Chauveau) in
collaboration with the University of Karlsruhe, FRG (Prof.
Leuckel) by wecing two specially deripned droplet burning

farilivics: a ronvective draplet bu::ing facility and a high
pressure droplet burning facility. Suwpended and free-floating
single n-heptare droplet burning paranrcters have been determined

by using a rap:d video came:a. Annther Eacility has also been
recently Jeveloped at ZARM, University of Bremen (Prof. Rath) and
was successfuly tested during parabolic flights.

Finally, Professor F. Weinberg from Imperial College,
London, UK, performed experiments on the electric field induced
flame convection in the absence of gravity.

For the next phases of the reduced gravity combustion
activities, several facilities sre available in Europe. Parsbolic
flights using 8 Caravelle 234 will be possible in France starting
in february 1989. A 110 meter drap tower will be available from
1989 onwards in Bremen. Also, ESA is participating in the Gearman
TEXUS and the Swedish MASER Sounding Rocket programmes. A Long
Puration Sounding Rocket by mearns of which up to 15 minutes of
microp:aviny conditions ceuld lLe achieved is being studi«d.
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